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ABSTRACT
We use the stellar kinematics for 2458 galaxies from the Mapping Nearby Galaxies at Apache point
observatory (MaNGA) survey to explore dynamical scaling relations between the stellar mass M?,
and the total velocity parameter at the effective radius, Re, defined as S
2
K = KV
2
Re
+ σ2?e , which
combines rotation velocity VRe , and velocity dispersion σ?e . We confirm that spheroidal and spiral
galaxies follow the same M?−S0.5 scaling relation with lower scatter than the M?−VRe and M?−σ?e
ones. We also explore a more general two-dimensional surface known as Universal Fundamental Plane
described by the equation log(Υe) = log(S
2
0.5)− log(Ie)− log(Re)+C., which in addition to kinematics,
S0.5, and effective radius, Re, it includes information of the surface brightness, Ie, and dynamical
mass-to-light ratio, Υe. We use sophisticated Schwarzschild orbit-based dynamical models for a sub-
sample of 300 galaxies from the CALIFA survey to calibrate the so called Universal Fundamental
Plane. That calibration allows us to propose both: (i) a parametrization to estimate the difficult-to-
measure dynamical mass-to-light ratio at the effective radius of galaxies, once the internal kinematics,
surface brightness and effective radius are known; and (ii) a new dynamical mass proxy consistent with
dynamical models within 0.09 dex. We show that this dynamical mass estimator is more robust that
the one previously proposed using only kinematics. We are able to reproduce the relation between the
dynamical mass and the stellar mass in the inner regions of galaxies with lower scatter. We use the
estimated dynamical mass-to-light ratio from our analysis, Υfite , to explore the Universal Fundamental
Plane with the MaNGA data set. We find that all classes of galaxies, from spheroids to disks, follow
this Universal Fundamental Plane with a scatter significantly smaller (0.05 dex) than the one reported
for the M? − S0.5 relation (0.1 dex), the Fundamental Plane (∼ 0.09 dex) and comparable with Tully-
Fisher studies (∼ 0.05 dex), but for a wider range of galaxy types.
Keywords: galaxies: evolution — galaxies: fundamental parameters — galaxies: kinematics and dy-
namics.
1. INTRODUCTION
Observational and theoretical studies of galaxies have
revealed the existence of tight correlations between their
Corresponding author: E. Aquino-Ort´ız
eaquino@astro.unam.mx
global stellar and dynamical properties. These correla-
tions reflect the physical connection between photomet-
ric properties of galaxies (given by their stellar popula-
tions) and their internal kinematics (given by the main
dynamical property, the gravitational potential). They
illustrate how the gravitational potential (or equiva-
lently the dynamical mass) plays an important role in
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our understanding of galaxy formation and evolution
(e.g. Cole et al. 1994; Mo et al. 1998; Firmani & Avila-
Reese 2000; Courteau et al. 2007; Trayford & Schaye
2019). For example, the empirical Tully-Fisher relation
(Tully & Fisher 1977, hereafter TF) describes a tight
correlation between the rotation velocity of spiral galax-
ies and the stellar mass (or luminosity), with a scatter
of ∼ 0.05 dex in velocity (e.g. Verheijen 2001; Avila-
Reese et al. 2008; Reyes et al. 2011; Bekeraite´ et al. 2016;
Ponomareva et al. 2017; Aquino-Ort´ız et al. 2018) with a
break down for velocities smaller than∼ 100 kms−1 (e.g.
McGaugh et al. 2000). For decades, astronomers have
been looking for a third parameter on the TF relation
to reduce the scatter (e.g. Zwaan et al. 1995; Courteau
& Rix 1999; Pizagno et al. 2007; Avila-Reese et al. 2008;
Hall et al. 2012; Zaritsky et al. 2014; Tonini et al. 2014).
It appears that no relation tighter than the TF relation
can be constructed by including additional information
(e.g. Meyer et al. 2008). The analogue to the TF rela-
tion for ellipticals is the Faber-Jackson relation (Faber &
Jackson 1976, hereafter FJ), a correlation between the
central velocity dispersion and their total stellar mass
(or luminosity) with a scatter of ∼ 0.07 dex in velocity
dispersion (e.g. Gallazzi et al. 2006). Unlike the TF rela-
tion, there is a third parameter that generates a tighter
correlation than the FJ relation. That is a correlation
among the central velocity dispersion, σ?e , the effective
radius, Re, and the average surface brightness at the
effective radius, Ie. This relation is called the Funda-
mental Plane (hereafter FP) (Djorgovski & Davis 1987;
Dressler et al. 1987). Fitting a plane to the data (Ie,
σ?e , Re) yields three coefficients assuming the functional
form log(Re) = a log(σ?e) + b log(Ie) + c. From the
virial theorem and assuming that the elliptical galax-
ies have: (i) constant mass-to-light ratios, M/L, (ii)
structure spherically symmetric, (iii) dynamically ho-
mologous density and orbital profiles, and (iv) similar
dark matter fractions, then a FP with a = 2 and b = 1
is expected. However, a deviation from the virial predic-
tion, called the tilt of the FP, derives a = 1.063± 0.041
and b = 0.765 ± 0.023 with a scatter of ∼ 0.09 dex
in log(Re) (Cappellari et al. 2013). The origin of the
tilt have been attributed to deviations of the above as-
sumptions. For example: (i) variations in the M/L
values increasing systematically with luminosity (e.g.
Faber et al. 1987; Garc´ıa-Benito et al. 2019), (ii) vari-
ations in the kinematic and density profiles (e.g. Prug-
niel & Simien 1994; Graham & Colless 1997; Busarello
et al. 1997; Bertin et al. 2002; Trujillo et al. 2004),
(iii) variations in the stellar populations (e.g, Sanchez
2019) or initial mass function (e.g. Prugniel & Simien
1996; Forbes et al. 1998; Dutton et al. 2013; Mart´ın-
Navarro et al. 2015) and (iv) variations in dark matter
fraction (e.g. Renzini & Ciotti 1993; Ciotti et al. 1996;
Borriello et al. 2003; Padmanabhan et al. 2004). An
extension of the FP called Fundamental Manifold (here-
after FM) was introduced by Zaritsky et al. (2006) for
spheroidal dominated stellar systems. They included the
efficiency with which baryons are packed with respect to
dark matter measured by the dynamical mass-to-light
ratio within Re, (Υe = Mdyne/Le), to define the FM as
log(Re) = 2 log(σ?e)−log(Ie)−log(Υe)+C. They found
a scatter to the FM of ∼ 0.1 dex in log(Re), similar to
that of the FP.
As we have discussed so far, these scaling relations
work just over a limited range of galaxy types, suggest-
ing that the current scaling laws are incomplete. It is
not yet evident that any of these relations are as fun-
damental for all galaxy types as the main sequence on
the Hertzsprung-Russell diagram is for stars. Previous
studies have tried to unify kinematic scaling relations
for spiral and elliptical galaxies. For example, Falco´n-
Barroso et al. (2011) explored the FP for a represen-
tative sample of 72 galaxies including Sa galaxies from
the SAURON survey (Bacon et al. 2001). They find
a FP with the lowest scatter defined by the Slow Ro-
tators galaxies (∼ 0.062 dex), whereas the Fast Ro-
tators display a slightly larger scatter (∼ 0.081 dex).
The scatter for the Sa galaxies appears to be the largest
(∼ 0.165 dex). Weiner et al. (2006) introduced a kine-
matic parameter which combines the rotation velocity
at Re, VRe , and central velocity dispersion, σ?e . The
parameter was defined as:
S2K = KV
2
Re + σ
2
?e , (1)
whereK generally is assumed to be constant (e.g. Kassin
et al. 2007; De Rossi et al. 2012). However, it could be
different for each galaxy and/or be a complicated func-
tion of different galaxy properties like the formation and
evolution history, dynamical state, environment, etc.
Cortese et al. (2014) & Aquino-Ort´ız et al. (2018)
for the Sydney-AAO (Australian Astronomical Obser-
vatory) Multi-object IFS (SAMI, Croom et al. 2012)
and the Calar Alto Legacy Integral Field Area (CAL-
IFA, Sa´nchez et al. 2012) surveys respectively, showed
that all galaxies, regardless of the morphological type,
lie on the same M? − SK scaling relation with a scat-
ter of ∼ 0.1 dex in log(SK) (smaller or equal to that
for the M? − VRe and M? − σ?e relations). Different
studies have found that the fitted M? − SK relation
reaches its minimum scatter for K = 0.5 (e.g. Aquino-
Ort´ız et al. 2018; Gilhuly et al. 2019; Barat et al. 2019).
This total velocity parameter, S0.5, has been used in a
General Fundamental Manifold for galaxies (hereafter
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GFM), for Early Type Galaxies (hereafter ETGs) and
Late Type Galaxies (hereafter LTGs), firstly by Zarit-
sky et al. (2008) and refined in Zaritsky et al. (2011).
They provide a fitting function for the dynamical mass-
to-light ratio within Re, log (Υe), that depends only
on SK and Ie. They show that all classes of systems,
from spheroids to disks, fall on the GFM with a scatter
of ∼ 0.1 dex in log(Re), comparable to that observed
in the FP studies (e.g. Cappellari et al. 2013) and FM
by Zaritsky et al. (2006) (in which the range of galaxy
types is limited to ETGs). They also found that the
GFM for sub-samples with independently derived dy-
namical mass-to-light ratios suggest a intrinsic scatter
as low as ∼ 0.05 dex. More recently, Li et al. (2018)
explored the Mass Plane relation for about 2000 galax-
ies from the MaNGA survey. They found that LTGs
and ETGs follow this tight mass plane with a observed
scatter of ∼ 0.06 dex and ∼ 0.04 dex, respectively. A
scatter slightly larger for LTGs.
Understanding the origin and evolution of galaxies re-
mains the principal goal behind refining and understand-
ing the scaling relations discussed so far. However, they
also provide numerous practical/useful benefits. For ex-
ample, they have been used as distance estimators (e.g.
Giovanelli et al. 1997; Zaritsky et al. 2012), or as prox-
ies of the galaxy dynamical mass (e.g. Courteau et al.
2014; Aquino-Ort´ız et al. 2018). With this in mind, in
this work we are focused in two main goals: (a) explore
the remarkably tight M?−SK scaling relation using the
Mapping Nearby Galaxies at APO (MaNGA, Bundy
et al. 2015) data set; and (b) calibrate the so called
Universal Fundamental Plane (hereafter UFP) proposed
by Zaritsky et al. (2008), valid for early and late type
galaxies. For the calibration we use a representative
sub-sample of 300 galaxies for from the CALIFA survey
with independently derived dynamical mass-to-light ra-
tios, Υe. Finally, we want to provide reliable estimations
of the dynamical masses based on the Universal Funda-
mental Plane and explore the Mdyne −M?e relation.
In Section 2 we briefly describe the CALIFA and
MaNGA samples. Details of the analysis performed over
the data are presented in Section 3. In Section 3.1 we
describe the stellar population synthesis applied to the
data. In Section 3.2 we describe the sample selection. In
Section 3.3 we present the integrated kinematic analysis
within Re. In Section 3.4 we perform a detailed mod-
elling of the 2D spatially resolved velocity maps for a
sub-sample of good quality data sets to obtain a more
precise derivation of the maximum rotational velocity
(Vmax). In Section 4, we present the main results, while
in Section 5 we present our dynamical mass estimator
for galaxies and explore the Mdyne −M?e relation. In
Section 6 we discuss the physical implications of our
main results. Finally we summarize the main conclu-
sions in Section 7. Throughout this article we adopt a
cosmology with H0 = 70kms
−1Mpc−1, ΩM = 0.3 and
ΩΛ = 0.7 for the Hubble constant, the matter density
and the cosmological constant, respectively.
2. DATA SAMPLE
This study is based on data provided by the CALIFA
(Sa´nchez et al. 2012) and MaNGA (Bundy et al. 2015)
surveys, particularly the 4676 galaxies from the MaNGA
Product Launch-7 (MPL-7) publicly available since June
2018. In this section we briefly describe each of these
surveys.
2.1. The CALIFA survey
One of the aims of this paper is to calibrate the Uni-
versal Fundamental Plane. To do so we use the publicly
available data provided by the CALIFA survey (Sa´nchez
et al. 2012). CALIFA observed a statistically represen-
tative sample of 667 galaxies of all morphological types
and environments (Sa´nchez et al. 2016a), recently in-
creased by a set of extended complementary observa-
tions comprising ∼ 900 objects (e.g. Lacerda et al. 2020;
Espinosa-Ponce et al. 2020). The galaxies were selected
to have a major axis diameter 45” < D25 < 80”, where
D25 is the isophote major axis at 25 mag/arcsec
2 in the
SDSS r-band. The sample comprises galaxies in the lo-
cal universe (0.005 < z < 0.03) in a stellar mass range of
108.5 < M? < 10
11.5M (See left panel of Figure 1. Fur-
ther details on the galaxy sample selection see Walcher
et al. 2014). The galaxies were observed with the Pots-
dam Multi Aperture Spectrograph (PMAS, Roth et al.
2005) in the PPaK configuration. The PPak system
consists of a fiber bundle with 331 object fibers, 36 sky
fibers, and 15 calibration fibers (2.7” in diameter each
one). That configuration covers an hexagonal field of
view (FoV) of 74” x 64”, sufficient to map the full optical
extension of most of the galaxies up to 2-3 Re (Kelz et al.
2006). The median spatial resolution is FWHM∼ 2.5”
that corresponds on an average physical resolution of
0.8 kpc (Garc´ıa-Benito et al. 2015). Observations were
carried out in two configurations: (i) the V500 setup,
a low resolution mode (λ/∆λ ∼ 850 at ∼ 5000A˚, cor-
responding to σinst ∼ 150 km/s), covering the spec-
tral range between 3750 and 7500A˚, and (ii) the V1200
setup, an intermediate resolution mode (λ/∆λ ∼ 1650
at ∼ 4500A˚, corresponding to σinst ∼ 70 km/s), cov-
ering the wavelength range between 3700 and 4800 A˚.
The data set was reduced with the version 2.2 of the
CALIFA pipeline, whose improvements with respect to
the previous ones (Sa´nchez et al. 2012; Husemann et al.
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Figure 1. Sample selection boundaries. Left panel: CALIFA Sample. Right panel: Primary and Secondary MaNGA Samples.
The gray symbols and histograms represents the full CALIFA sample of 667 galaxies (left panel) and full MaNGA MPL-7 data
set (right panel). In both panels blue and red symbols and histograms represents LTGs and ETGs used in this study. The black
histogram is the sample of early+late types.
2013; Garc´ıa-Benito et al. 2015) are reported in Sa´nchez
et al. (2016a). The final data-product after the reduc-
tion is a data-cube with the spatial information along
the x- and y-axis, and the spectral one in the z one.
For the calibration to the UFP in this study, we
use the properties for the sub-sample of 300 CALIFA
galaxies covering all galaxy types from the V1200 setup
presented in Falco´n-Barroso et al. (2017). The galaxy
properties used here for each galaxy in that sub-sample
are: (i) the publicly available1 stellar velocity and veloc-
ity dispersion maps computed by Falco´n-Barroso et al.
(2017) using the pPXF code of Cappellari & Emsellem
(2004). We use these kinematic maps to estimate the to-
tal velocity parameter, S0.5; (ii) apparent magnitudes;
and (iii) effective radius estimated using a growth-curve
analysis applied to the r-band SDSS images by Walcher
et al. (2014). We use these properties to estimate
the luminosity at Re, Le, hence the surface brigthness,
Ie. Finally, (iv) the dynamical mass-to-light ratios at
Re, Υ
Sch
e = Mdyne/Le, derived by Zhu et al. (2018b)
through a full Schwarzschild orbit-based dynamical tech-
nique (Schwarzschild 1979).
2.2. The MaNGA survey
1 Publicly available stellar line-of-sight kinematic maps in http:
//califa.caha.es/?q=content/science-dataproducts
The MaNGA survey (Bundy et al. 2015) began in
July 2014 as part of the Sloan Digital Sky Survey-
IV collaboration (SDSS-IV, Blanton et al. 2017). The
aim of MaNGA is observe a sample of 10.000 galax-
ies with the integral field spectroscopy technique over a
broad wavelength range (3600−10300 A˚). Observations
are performed using the SDSS 2.5 meters telescope at
Apache Point Observatory (APO, Gunn et al. 2006) and
the SDSS-III Baryonic Oscillation Spectroscopic Survey
spectrograph (BOSS, Smee et al. 2013). The resolving
power is R = λ/FWHM ∼ 2000, i.e., σinst ∼ 70 km/s.
MaNGA deploys a set of 17 Integral Field Units (IFU)
grouped into hexagonal bundles of different sizes rang-
ing from 19 to 127 optical fibers of 2” in diameter each
one (Drory et al. 2015). The observations are dithered
adopting a three-point triangular pattern on the sky to
achieve a complete spatial coverage of the sources (Law
et al. 2015). The sample comprising galaxies of any mor-
phological type and environments was chosen in a red-
shift range of 0.01 < z < 0.15 with approximately flat
stellar mass distribution with M? ≥ 108.5 M (See right
panel of Figure 1. For further details about the sample
design see Wake et al. 2017). With a median spatial res-
olution of 1.8 kpc, the main MaNGA sample consists of
three components: (i) the Primary sample covered out
to 1.5Re representing the 47% of the main sample. It
is selected so that 80% of the galaxies in this Primary
sample can be observed with the 127 fiber-bundle, (ii)
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the Secondary sample representing the 37% of the main
sample covered out to 2.5Re is designed to observe the
80% of galaxies with the bundle of 127 fibers, and (iii)
the Color-Enhanced which represents the 16% of the
main sample includes low luminosity red galaxies, high
luminosity blue galaxies and green valley galaxies to fill
in poorly sampled regions of the NUV − i vs Mi color-
magnitude diagram. About 5% of all MaNGA galaxies
are selected from different ancillary programs addressing
several scientific goals.
The Data Reduction Pipeline (DRP; Law et al. 2016)
reduces the single fibers in each exposure into sky
subtracted, wavelength and flux calibrated individual
spectra. The final data-product of the reduction is a
three-dimensional data-cube that combines individual
dithered observations comprising the spatial informa-
tion in the x- and y-axis, and the spectral one in the
z-axis.
Along this study, for the MaNGA data set we use
the following galaxy properties: (i) the line-of-sight
kinematic maps and mass distribution derived by the
PIPE3D data-products described in the next section,
(ii) the effective radius, Re, and total stellar mass,
M?, extracted from the NSA catalog (Blanton et al.
2011, http://www.nsatlas.org/), (iii) the r-band appar-
ent magnitudes from Fischer et al. (2019) to compute
the luminosity Le, hence the surface brightness Ie.
We also benefit from a detailed visual morphological
classification to 4676 MaNGA galaxies in MPL-7, based
on a new reprocessing of the SDSS images in combina-
tion with additional image processing to the Dark En-
ergy Legacy Survey images (DESI, DESI Collaboration
et al. 2016). This new classification will be presented
elsewhere (Vazquez-Mata et al. in prep.)
3. ANALYSIS.
We describe in this Section the analysis performed to
estimate the stellar mean velocity and velocity disper-
sion maps as well as the stellar mass distribution for the
MaNGA galaxies.
3.1. Spectroscopic analysis.
In the current study we use the MaNGA data-
products which are part of the Pipe3D Valued Added
Catalog (VAC) included in the DR152. The Pipe3D
pipeline (Sa´nchez et al. 2016b,c, 2018) was developed to
perform the spatially resolved stellar population analysis
of the data cubes. Pipe3D applies a spatial binning to
2 The Pipe3D VAC included in the DR15 is acces-
sible at: https://www.sdss.org/dr15/manga/manga-data/
manga-pipe3d-value-added-catalog/
the data cubes with the goal of reaching a homogeneous
signal-to-noise (S/N) of 50 across the Field of View
(FoV). After that, it models the stellar continuum for
each co-added spectra within each spatial bin adopting a
multi-Single Stellar Population (SSP) template library,
taking into account stellar velocity, velocity dispersion,
and dust attenuation of the stellar population. The
GSD156 template library described in detail by Cid
Fernandes et al. (2013) was adopted with a Salpeter
Initial Mass Function (Salpeter 1955)3. This library
comprises 156 templates covering 39 stellar ages (from 1
Myr to 13 Gyr) and four metallicities (Z/Z = 0.2, 0.4,
1.0 and 1.5). Following to Cid Fernandes et al. (2013)
and Sa´nchez et al. (2016b) the stellar population model
for each spaxel was estimated by rescaling the best-
fitted model within each spatial bin to the continuum
flux intensity in the corresponding spaxel. The stellar-
population model spectra are then subtracted from the
original data-cube to create a gas-pure cube. This cube
is then used to estimate the main properties of the neb-
ular emission lines. Additionally, Pipe3D recovers the
spatial distribution of the stellar mass densities and the
integrated stellar mass at different apertures by taking
in account: (i) the decomposition in SSPs, (ii) the stel-
lar mass-to-light ratio for each of them, and (iii) the
integrated light at each spaxel within the FoV.
3.2. Sample selection.
For the original sample of 4676 galaxies from the
MPL-7 data set we perform a selection of the optimal
stellar kinematic data for the current analysis follow-
ing the procedure described in previous studies (e.g.,
Cortese et al. 2014; Aquino-Ort´ız et al. 2018). First,
for each stellar velocity and velocity dispersion map we
discarded spaxels with errors in velocity larger than 25
km/s. This conventional cut corresponds to ∼ 1/3 of
the average spectral resolution (σinst ≈ 70 km/s) for
the MaNGA data. Second, we select only those galax-
ies for which at least 60% of the spaxels within an el-
lipse of semi-major axis equal to Re fulfill this qual-
ity criterion (using the position angle and inclination
of each galaxy). In addition, to minimize the effects
of dust, edge-on galaxies with inclinations larger than
75◦ were excluded. To derive a reliable rotation mea-
surement, nearly face-on galaxies with inclinations lower
than 25◦ were removed. Finally, galaxies under merg-
ing and clear traces of interactions are discarded based
on either morphological distortions, or the presence of
galaxy neighbors with a comparable size (e.g. Barrera-
3 All stellar masses, M?, along this study are converted from
Salpeter (1955) to Chabrier (2003) Initial Mass Function.
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Figure 2. Example of spatially resolved kinematics from the MaNGA stellar kinematic maps. Left panel: the rgb SDSS
image and the FoV covered by MaNGA for the manga-8440-12704 galaxy. Middle panel: the line-of-sight stellar velocity map.
The dashed black ellipse represent the more external ring explored in the analysis. Only the rotation component was modeled
ignoring no-circular motions. Right panel: the rotation curve derived from the stellar velocity map (blue symbols) with the
analysis described in Section 3.4. The dashed red line represent the best-fit parametrization of Eq. (4) to the blue data points.
Ballesteros et al. 2015a,b). Following this procedure our
final sample for the MPL-7 comprises 2458 galaxies, of
which 1653 corresponds to LTGs and 805 to ETGs. The
effects of not making a detailed selection of the galax-
ies and spaxels within galaxies following this criteria are
explored in Appendix B. In particular it is shown the
changes in the slopes and zero-points.
3.3. Integrated kinematics analysis.
We derive the stellar mean velocity and velocity dis-
persion following Cortese et al. (2014) and Aquino-Ort´ız
et al. (2018):
• Velocity dispersion, σ?e ; Integrated velocity
dispersions are estimated as the linear average of
the velocity dispersion of all ”good” spaxels within
the ellipse mentioned in the previous section. We
use linear instead of luminosity-weighted averages
to be consistent with our rotation velocity mea-
surements which are not luminosity-weighted.
• Rotation Velocity, VRe ; We derive the rotation
velocities in a similar way to the classical proce-
dure developed to analyze the integrated HI emis-
sion profiles in galaxies (e.g. Vogt et al. 2004; Pa-
pastergis et al. 2011). First, a velocity histogram
is derived with the velocities of all the good spax-
els within the ellipse defined before. Following
Catinella et al. (2005), the width of the distri-
bution, W, is defined as the difference between
the 10th and the 90th percentile points of the ve-
locity histogram: W = V90 − V10. Finally, the
observed velocity widths derived from the veloc-
ity histograms must be corrected for cosmologi-
cal broadening (to obtain the rest-frame velocities)
and de-projected to an edge-on view as follow:
VRe =
W
2(1 + z)sin(i)
, (2)
where z is the redshift and i is the galaxy incli-
nation calculated from the observed ellipticity, ε,
as:
cos(i) =
√
(1− ε)2 − q20
1− q20
(3)
with q0 being the intrinsic axial ratio for galax-
ies. Following Rodr´ıguez & Padilla (2013) and Zhu
et al. (2018a) we adopted q0 = 0.2 for LTGs and
q0 = 0.6 for ETGs.
3.4. Spatially resolved kinematics: Vmax
As an extension of the integrated kinematics study, we
made a detailed analysis for a sub-sample of spiral galax-
ies to measure Vmax from rotation curves. Is well know
that for a self-gravitating exponential disk the expected
maximum velocity of the rotation curve is reached at
2.2 disk scale lengths, rd (Freeman 1970). Since to the
gravitational potential of galaxies contribute not only
the disk, but also the dark matter halo, which is more
extended, then one expect in many cases Vmax > V2.2.
Moreover, galaxy discs can show significant deviations
from purely exponential profiles (e.g. Bakos & Trujillo
2012), and rotation curves present also a wide range of
shapes (e.g. Kalinova et al. 2017). To ensure that we
reach the Vmax, we select the analyzed sub-set from the
Secondary MaNGA sample (FoV ≥ 2.5Re), and only
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for the largest MaNGA bundles (i.e., the ones with 127
fibers).
Velocity maps of galaxies frequently exhibit signatures
of non-circular streaming motions produced by struc-
tural properties, internal physical processes, environ-
ment, outflows, inflows, etc. (e.g. Valenzuela et al. 2007;
Holmes et al. 2015). This effect can be reflected in the
shape of the rotation curve and therefore it produces an
over/under estimation of Vmax (e.g. Randriamampandry
et al. 2015). With this in mind, we choose the sub-
sample with a visual inspection to discard those galax-
ies whose kinematics appeared highly disturbed. Our
refined sub-sample comprises 200 galaxies with inclina-
tions in the range of 25◦ < i < 75◦.
Following Aquino-Ort´ız et al. (2018), we use a mod-
ified version of the Velfit code (Aquino-Ortiz et al. in
prep), which originally was developed by Spekkens &
Sellwood (2007) and Sellwood & Sa´nchez (2010) to make
a detailed kinematic analysis (See an example in the
Figure 2). The purpose of this code is to fit velocity
maps of galaxies with a model including a flow pattern
in an idealized non-axisymmetric potential. The kine-
matic model yields: (i) the rotation curve, (ii) the am-
plitudes of radial and tangential non-circular motions
when they are present, and (iii) an estimation of the
geometrical parameters without assuming small devia-
tions from circular motions. Once derived the rotation
curve, we measure Vmax by parametrizing it using the
function proposed by Bertola et al. (1991):
v(r) = v0 +
vcr
(r2 + k2)
γ
2
, (4)
where v0 is the systemic velocity, vc is a parameter gov-
erning the amplitude of the rotation curve with k de-
scribing its sharpness and γ allowing rising or falling
curves (with γ = 1 for a flat rotation curve). When
the spatial coverage of MaNGA was insufficient to reach
Vmax an extrapolation to the rotation curve was applied
(see left panel of figure 2).
4. SCALING RELATIONS.
In this Section we show the analyzed kinematic scal-
ing relations for galaxies segregated by early and late
types. We include the sample of AGN’s extracted from
the current MaNGA sample derived following the cri-
teria presented in Sa´nchez et al. (2018). In addition,
we include some reference relations found by previous
studies and the best fitted relations for our data set.
Table 1 summarizes the results of our orthogonal linear
fit along the horizontal axis considering the stellar mass
on the vertical axis as the independent variable. We use
the routines presented by Akritas & Bershady (1996)
to fit the data points. It includes the zero-point, slope,
and the scatter around the best-fitted relation. Outliers
along this study are defined as data points beyond 2σ
with respect to the main relation.
4.1. Stellar mass vs. integrated kinematics.
In the left-hand panel of Figure 3 we show the M? −
VRe relation. This relation has a large scatter of 0.23 dex
in log(VRe). This scatter is similar to the ones found
by Aquino-Ort´ız et al. (2018) for CALIFA galaxies
(0.20 dex) and by Cortese et al. (2014) (0.26 dex) for
galaxies from the SAMI survey. The huge scatter in
these three samples is mostly dominated by the contri-
bution of ETGs, that are mostly slow rotators (e.g. Em-
sellem et al. 2007; Graham et al. 2018; Falco´n-Barroso
et al. 2019). As a reference, we include the derivation of
the stellar TF relation as presented in Avila-Reese et al.
(2008)4 and Aquino-Ort´ız et al. (2018) both using Vmax
for the rotation velocity. As expected, there is an offset
between this classical TF derivation and our results at
Re. The scatter is also expected to be larger for the TF
using VRe than using Vmax.
In the central panel of Figure 3 we show the M? −
σ?e relation. As a reference the FJ relation derived by
Gallazzi et al. (2006) has been included for comparison.
We find a scatter of 0.14 dex in log(σ?e) with respect to
the best fitted relation in our data, in agreement with
the one found by Cortese et al. (2014) and Aquino-Ort´ız
et al. (2018) of 0.16 dex. However, the scatter for these
three samples is larger than 0.07 dex, the one reported
by Gallazzi et al. (2006) for only ETGs. As expected,
ETGs follow the FJ relation. Contrary to the M?−VRe
relation where the scatter is dominated by ETGs, in the
M? − σ?e relation the scatter is dominated by LTGs.
In the right-hand panel of Figure 3 we show the
M?−S0.5 distribution. The relations derived by Cortese
et al. (2014) and Barat et al. (2019) for the SAMI sur-
vey, as well as the one by Aquino-Ort´ız et al. (2018) for
the CALIFA data set have been included as a reference
together with the best linear fit derived with our own
MaNGA data. This M?−S0.5 relation is clearly tighter
than those relations using separately rotation or veloc-
ity dispersion. In this study for the MaNGA data set
we find a scatter of ∼ 0.1 dex in log(S0.5). This scat-
ter is in agreement with the ones reported for galaxies
from the SAMI and CALIFA surveys (see Table 1). The
reduction in the scatter when introducing the total ve-
locity parameter, S0.5, indicates that it is a better tracer
4 We have reduced the stellar mass in Avila-Reese et al. (2008)
by 0.09 dex in order to convert from diet-Salpeter to Chabrier
IMF
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Figure 3. Scaling relations with integrated kinematics for the MaNGA data set. Red and blue symbols represent early and late
type galaxies, respectively, while black symbols are the AGN sample from Sa´nchez et al. (2018). Left panel: M? − VRe relation;
the black and green dashed lines represents the orthogonal best-fits to the classical TF relation from Avila-Reese et al. (2008)
and Aquino-Ort´ız et al. (2018) using Vmax, respectively. Middle panel: M?−σ?e relation; the dashed line represents the best-fit
for the FJ relation from Gallazzi et al. (2006). Right panel: M? − S0.5 relation; green symbols are the ouliers, black and cyan
dashed lines indicate the best-fits from Cortese et al. (2014) & Barat et al. (2019) for the SAMI survey and the green dashed
line the best-fit from Aquino-Ort´ız et al. (2018) for the CALIFA one, respectively. The black solid and dotted lines represents
our best-fit, and the 2σ band.
Table 1. Linear best-fit parameters to scaling relations with integrated kinematics.
No. M? − VRe M? − σ?e M? − S0.5
Galaxies Scatter b± 1σ a± 1σ Scatter b± 1σ a± 1σ Scatter b± 1σ a± 1σ
This Work 2458 0.23 0.21±0.01 −0.36±0.08 0.14 0.32±0.01 −1.31±0.14 0.1 0.31±0.01 −1.22±0.04
Barat et al. (2019) 270 — — — — — — 0.05 0.36±0.01 −1.62±0.06
Aquino-Ort´ız et al. (2018) 278 0.20 0.16±0.02 0.32± 0.30 0.16 0.31±0.03 −1.37±0.25 0.08 0.26±0.01 −0.78± 0.1
Cortese et al. (2014) 105 0.26 — — 0.16 — — 0.1 0.33±0.01 −1.41±0.08
Note. All scatters are estimated from the linear best-fit. We consider stellar mass, M?, as independent variable.
log(VRe , σ?e , S0.5) = a + blog(M?). VRe , σ?e and S0.5 are given in [km/s], M? in M.
to the circular velocity, i.e., the gravitational potential,
than the rotation velocity and the velocity dispersion
separately.
4.2. Stellar mass vs. spatially resolved kinematics.
Random and/or systematic errors could play an im-
portant role in the physical interpretation of scaling rela-
tions. They can modify the slope, zero-point and scat-
ter. We have tried to narrow down their effects using
our MaNGA sub-sample of good quality 200 LTGs de-
scribed before. In particular, we tried to reproduce the
“Classical TF relation” using the Vmax derived with the
detailed spatially resolved kinematic analysis described
in Section 3.4. In the left-hand panel of Figure 4 we
show our best TF relation compared with: (i) the one
from Aquino-Ort´ız et al. (2018) using a sub-sample of
92 spiral galaxies from the CALIFA survey; (ii) the rela-
tion from Avila-Reese et al. (2008) who used a compiled
and homogenized sample; and (iii) the prediction from
Ferrero et al. (2017) who used 7482 simulated galaxies
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Table 2. Linear fit parameters for the scaling relations with spatially resolved kinematics.
Scaling relation Tully-Fisher M? vs. S0.5
Authors No. of Galaxies Scatter (dex) b± 1σ a± 1σ Scatter (dex) b± 1σ a± 1σ
This Work 200 0.061 0.31± 0.01 −1.17± 0.19 0.066 0.34± 0.01 −1.57± 0.12
Avila-Reese et al. (2008) 76 0.045 0.27± 0.01 −0.65± 0.12 — — —
Aquino-Ort´ız et al. (2018) 92 0.053 0.30± 0.02 −1.00± 0.02 0.052 0.28± 0.02 −0.92± 0.21
Ferrero et al. (2017) 7482 0.040 0.30± 0.05 −0.86± 0.02 — — —
Note. All scatters are estimated from the linear fit, we consider stellar mass, M?, as independent variable.
log(Vmax, S0.5) = a + blog(M?). Vmax and S0.5 are given in [km/s], M? in M.
at z = 0 from the Evolution and Assembly of GaLaxies
and their Environments (EAGLE) project (Schaye et al.
2015). The best fitted parameters derived for the TF re-
lation for these four samples, included the analyzed in
this work, match pretty well, as shown in Table 2.
In the right-hand panel of Figure 4 we show the most
precise estimation of the M? − S0.5 relationship using
Vmax. We find differences in the slope and zero-point
with respect to the sub-sample of 92 galaxies from the
CALIFA survey published by Aquino-Ort´ız et al. (2018)
(See Table 2). These variations may be induced due to
differences in sample selection, survey systematics, and
instrumental resolutions. Then it is hard to interpret
the observed disagreement in slope and zero-points as
physical differences. Despite of these discrepancies in
the actual reported values, the trends that they trace
are very similar, as seen in Figure 4.
The interesting result is that the “Classical TF rela-
tion” and the M? − S0.5 using Vmax are tight, with the
scatter very similar for the same sub-sample for disk-
rotational-dominated systems (See Table 2). In other
words, if we include in both relations ETGs, which are
velocity dispersion dominated systems, the scatter on
the TF increases but does no significantly increase on
the M? − S0.5 (See Table 1). The total velocity param-
eter, S0.5, which combine rotation velocity and velocity
dispersion seems to be the best tracer of the circular
velocity reducing the scatter in the stellar mass-velocity
relations. The same result was found by De Rossi et al.
(2012) for simulations and by Aquino-Ort´ız et al. (2018)
for observational data from the CALIFA survey.
4.3. The Universal Fundamental Plane.
The so-called Universal Fundamental Plane is derived
starting from a theoretical approach using the tensor
virial theorem:
1
2
d2Ijk
dt2
= 2Tjk + Πjk +Wjk, (5)
were I is the moment of inertia tensor, T and Π are
the contributions of ordered and random motions to the
kinetic energy tensor, respectively, and W is the po-
tencial energy tensor. To rewrite Eq. (5) in terms of
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Figure 4. Scaling relations with spatially resolved kinemat-
ics, Vmax. Left panel: Tully-Fisher relation; red symbols rep-
resents the data compilation from Avila-Reese et al. (2008).
The black solid line and the grey shaded band represent the
predictions from Ferrero et al. (2017). Right panel: The
M? − S0.5 relation. In both panels blue and green symbols
and dashed lines represents the results from the MaNGA
sub-sample (used in this work) and the one published by
Aquino-Ort´ız et al. (2018) for the CALIFA survey.
observed properties of galaxies, several simplifications
and assumptions should be considered. In this study
we use a purely empirical treatment and just enumerate
and summarize them (for further detailes see Zaritsky
et al. 2008, 2011):
1. Galaxies are in a steady state and the virial the-
orem holds over the effective radius. With this
assumption the left-hand side of Eq. (5) is zero.
To satisfy it, we discard merger and perturbed
galaxies. We evaluate the trace of the resulting
right-hand side of Eq. (5) and define the ordered
and random contributions to the kinetic energy
as (1/2)A0MV
2
rot and A1Mσ
2
?, respectively. The
potential energy is defined as −B0GM2/R. Here-
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after, we define the characteristic radius, R, to be
the effective radius Re. Hence, Eq. (5) becomes:
A0V
2
Re +A1σ
2
?e = B0
GMdyne
Re
, (6)
with VRe as the stellar rotation velocity, σ?e the
stellar velocity dispersion, Mdyne the total dynam-
ical mass enclosed at Re, G the gravitational con-
stant, A0, A1, and B0 are correction factors ob-
tained by fully evaluate the tensors. These cor-
rection factors could be different for each galaxy
and also strong function of the formation history,
dynamical state and environment of galaxies.
2. The kinematic simplification. This means that
galaxies are assumed to be isothermal spheres with
isotropic velocity dispersion. Dividing the Eq. (6)
by A1, allow us to define the left-hand side as the
total velocity parameter, S2K = KV
2
Re
+ σ2?e
3. The mass simplification. This means replace
the total dynamical mass at the effective radius,
Mdyne , with observable properties like the dy-
namical mass-to-light ratio within Re, Υe, and
the luminosity, Le, i.e., Mdyne = ΥeLe. Thus, it is
assumed that Υe is constant within the considered
aperture.
4. Homology, which implies that galaxies live on a
plane in the (Re, Ie, SK) space. Thus, the correc-
tion factors A0, A1 and B0 are very similar among
galaxies.
Applying the previous simplifications and assump-
tions we can rewrite the tensor virial theorem in terms
of observational properties as follows:
S2K = B0A
′
1GpiΥeReIe. (7)
As indicated before, it is found that the minimum scat-
ter in the M? − SK relation is achieved when K = 0.5
(e.g. Cortese et al. 2014; Aquino-Ort´ız et al. 2018;
Gilhuly et al. 2019; Barat et al. 2019). Therefore, from
now on, we will fix K = 0.5 on the total velocity pa-
rameter. Finally, we define a normalization constant
C = GpiB0A
′
1 and take the logarithm to define the Uni-
versal Fundamental Plane as follows:
log(Υe) = log(S
2
0.5)− log(Ie)− log(Re) + C. (8)
Since Zaritsky et al. (2008, 2011) had no information
for the Υe for their full sample, they proposed a fitting
function that depend on distance independent variables,
S0.5, and Ie, including second-order and cross-terms to
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
log Sche ( < Re) [M /L ]
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
lo
g
fit e
(<
R
e
)[
M
/L
]
One to one
This work - CALIFA Late types
This work - CALIFA Early types
Schw mod - MaNGA galaxies
Figure 5. Comparison between the dynamical mass-to-light
ratios derived from robust Schwarzschild dynamical models,
ΥSche , and our estimates using Eq. 9 and the β
′
is calibrated
coefficients, Υfite . Red (Blue) symbols are early (late) type
galaxies from the CALIFA sub-sample by Zhu et al. (2018b).
The yellow symbols are the values for the MaNGA galaxies
analyzed by Jin et al. (2020).
to study the General Fundamental Manifold. In Ap-
pendix A, we explore it following this approach, for the
MaNGA data set, for which we do not have either an in-
dependent estimation of Υe. However, in this study we
follow the suggestion by Zaritsky et al. (2008, 2011) to
use a sample of galaxies with independent estimations
for the dynamical mass-to-light ratio, Υe, to calibrate
the UFP. To do this, we use the subset of 300 CAL-
IFA galaxies presented in Section 2.1. For this subset,
the dynamical mass-to-light ratio, ΥSche , has been con-
strained accurately by means of a dynamical analysis
based on the Schwarzschild orbit super-position method
by Zhu et al. (2018b). Once it has been calibrated, one
can use it to solve for the log (Υe) for any galaxy with
measured S0.5, Ie, and Re.
For the calibration, we apply a multiple-linear regres-
sion to recover the dynamically estimated log(ΥSche ) (de-
fined as the dependent variable), in terms of the ob-
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Figure 6. The CALIFA Universal Fundamental Plane. Left panel: the full sub-sample of 300 galaxies. The dashed black and
red lines represents the one-to-one relationship and the best-fit to the data points, respectively. Top right-hand panel: early type
galaxies. Bottom right-hand panel: late type galaxies. Red dotted lines in all panels marks the 2σ bands. The green symbols
are the outliers.
served data S0.5, Ie, and Re (independent variables) as
follow:
log(ΥSche ) = β0 + β1log(S0.5) + β2log(Ie) + β3log(Re),
(9)
were the βi are the coefficients for each indepen-
dent variable. The calibration that best recover the
log(ΥSche ) yields the following values: β0 = −0.53± 0.1,
β1 = 1.49 ± 0.08, β2 = −0.72 ± 0.03 and β3 = −0.63 ±
0.05. We use these coefficients together with the 3 inde-
pendent variables (S0.5, Ie, Re) to calculate the fitted dy-
namical mass-to-light ratios, log (Υfite ). The obligatory
exercise is to compare the dynamically-determined val-
ues, log(ΥSche ), with the ones derived from our calibra-
tion, log(Υfite ). We present the results of this exercise
in Figure 5, where it is shown both parameters for the
CALIFA analyzed subset of galaxies. In addition, we in-
clude the recent estimations for the log(ΥSche ) presented
by Jin et al. (2020) on 108 ETGs extracted from the
MaNGA survey compared with our estimated log(Υfite ).
The comparison for both, CALIFA and MaNGA data,
follows the one-to-one relationship with a scatter of
0.09 dex for LTGs and 0.07 dex for ETGs in good agree-
ment with the reported value of 0.06 dex by Zaritsky
et al. (2008), who use a set of nearby spheroidal galax-
ies. In Figure 6 we show the UFP for the CALIFA
sub-sample of 300 galaxies as a result of replacing the
log(Υe) by the fitted log(Υ
fit
e ) and rearrange terms in
Equation (8). By construction the defined UFP should
be a one-to-one relationship. This plane shows a scatter
of∼ 0.04 dex in log(Re) with∼ 5% of outliers (15 galax-
ies) and an average value for the coefficient C = −0.75,
in good agreement with Zaritsky et al. (2008, 2011). The
low scatter of this one-to-one relationship suggests that
the value of the coefficient (C = GpiB0A
′
1) presents a
very narrow range of variation among different galaxies.
For the MaNGA data set explored in this study, we
use the effective radius Re, and surface brightness Ie,
described in the Section 2.2. The total velocity param-
eter S20.5 = 0.5VRe + σ?e , is calculated using the stellar
mean velocity VRe , and stellar velocity dispersion σ?e es-
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Figure 7. The MaNGA Universal Fundamental Plane. Left panel: black symbols represent the sample of 2458 galaxies of this
study, magenta symbols are the sample of AGN’s from Sa´nchez et al. (2018) and the yellow ones represents the 108 galaxies
from the MaNGA sample with independent estimations of the dynamical mass-to-light ratio, ΥSche , by Jin et al. (2020). Top
right-hand panel: early type galaxies. Bottom right-hand panel: late type galaxies. In all panels: the green symbols are the
outliers. The dashed black and red lines represents the one-to-one relationship and the best-fit to the data points. The dotted
red lines marks the 2σ band.
timated using the analysis presented in the Section 3.3
and plotted in the right-hand side of Figure 3. Never-
theless, we do not have independent estimates for the
dynamical mass-to-light ratios Υe for our full MaNGA
sample. Instead of that, we used the fitted ones, Υfite ,
estimated with the Equation (9) and the β′is coefficients
calibrated previously with the CALIFA sample. In Fig-
ure 7 we show the derived UFP for the MaNGA data
set. For comparison purposes we use the data published
by Jin et al. (2020), already presented in Figure 5. The
relation for the full sample and independent estimations
of the ΥSche follows, as expected, the one-to-one relation-
ship with ∼ 3% of outliers (60 galaxies) and a scatter
of 0.05 dex slightly larger that the one found previously
using the CALIFA sub-sample (0.04 dex) but in good
agreement with the reported by Zaritsky et al. (2008)
(∼ 0.05 dex) for their sub-sample with independent es-
timations of the Υe. Am interesting results here is that
the sample of AGN’s follows the one-to-one relationship,
none of them is an outlier. This result suggests that the
role of the AGN in the galactic dynamics and structure
is unimportant, at least at the effective radius.
5. THE DYNAMICAL MASS ESTIMATOR
Historically, the virial theorem has been the primary
tool to determine the dynamical mass of galaxies (e.g.
Zwicky 1933). Hence, the Υfite , derived from the tensor
virial theorem can be used to measure dynamical masses
at Re. We apply the Eq. (9) and the β
′
is coefficients to
get Υfite , then we multiplying by the luminosity, Le, to
estimate the dynamical mass.
In Figure 8 we plot the one-to-one relation between
the estimated dynamical mass derived adopting the de-
scribed procedure, and the inferred from the dynamical
modelling by Zhu et al. (2018b) for the sub-sample of 300
CALIFA galaxies analyzed along this article. We also in-
clude our previous published estimations, based on just
the kinematic parameter S0.5 (see Eq. (5) in Aquino-
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Ort´ız et al. 2018). We find that our new estimations of
the dynamical masses are consistent with those derived
by dynamical models within a scatter of 0.09 dex. This
scatter is smaller than the one of 0.15 dex found using
only the total velocity parameter S0.5. This result is
expected in the sense that the Eq. (9) includes more
information of galaxies, combining the kinematics, lu-
minosity and the scale-length (reinforcing the idea that
all those parameters are indeed important to derive the
dynamical stage of a galaxy). This is indeed the same
information that the Schwarzschild orbit-superposition
method uses to build dynamical models (e.g. van den
Bosch et al. 2008).
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Figure 8. One-to-one relationship between dynamical
masses from the sub-sample of 300 CALIFA galaxies. Black
symbols represents the comparison between the dynamical
masses inferred from dynamical models by Zhu et al. (2018b)
and the ones form this analysis using the kinematics and sur-
face brightness (Eq. (9)). The Mfitdyn are estimated with the
Υfite multiplied by the luminosity Le. Blue symbols rep-
resent the comparison between the dynamically estimated
and the ones using only the total velocity parameter S0.5 by
Aquino-Ort´ız et al. (2018). Green symbols are outliers.
5.1. The dynamical-to-stellar mass relation.
For the MaNGA sample we do not have independent
information about the dynamical masses to perform a
direct comparison. Instead of that, following our previ-
ous explorations presented in Aquino-Ort´ız et al. (2018)
we study the distribution of stellar masses along the dy-
namical ones. The top panel of Figure 9 presents the
Mdyne−M?e relation for the MaNGA data set, together
with the results for galaxies from the CALIFA survey
(Aquino-Ort´ız et al. 2018). We find good agreement be-
tween the distributions for CALIFA and MaNGA galax-
ies. We characterize the observed distribution for the
MaNGA data set with the following functional form:
log(Mdyne) = α1 × αlog(M?e )2 + α3. (10)
In Table 3 we report the best-fit parameters to the full
sample, early and late galaxy types.
For comparison proposes, we also include predictions
from a semi-empirical modelling approach by Rodriguez-
Puebla et al. (in prep.). For the semi-empirical mod-
elling the authors generated a complete population of
galaxies by loading the bulge/disc systems into Λ Cold
Dark Matter haloes, taking into account the adiabatic
contraction of the inner halo by the baryons, and fol-
lowing the semi-empirical stellar-to-halo mass relations
(hereafter SHMR) of late- and early-type galaxies.
Table 3. Best-fit parameters to the Mdyne −M?e relation
for the MaNGA data set.
Sample α1 ± 1σ α2 ± 1σ α3 ± 1σ Scatter
Full 0.009 ± 0.003 1.676 ± 0.045 8.79 ± 0.08 0.26
LTGs 0.006 ± 0.003 1.719 ± 0.057 8.90 ± 0.09 0.27
ETGs 0.811 ± 0.521 1.205 ± 0.049 5.03 ± 1.20 0.19
The medium (bottom) panel of Figure 9 shows the
Mdyn−M? relation for LTGs (ETGs) and a comparison
between the best-fit estimation provided by our anal-
ysis and the semi-empirical prediction. We find a re-
markable agreement with the theoretical approach. For
LTGs, below∼ 8×1010M there is a clear deviation, i.e.,
galaxies show larger dynamical masses than their stellar
ones, which indicates that in the inner regions of galax-
ies at low-mass regime appear to be more dark matter
dominated as less massive they are. Whereas for more
massive galaxies the deviation is weaker. For ETGs the
distribution follows a nearly linear relation at all masses
with a slight bend for low-mass galaxies. Both the ob-
served distribution for the MaNGA data set and the
predictions for the semi-empirical models follow similar
trends. The bends seen in the predictions are well un-
derstood. As we mentioned before, by construction, the
semi-empirical models follows the SHMR, which bends
at lower M?/Mvir ratios both at lower and higher masses
(e.g. See the bottom panel of Figure 5 in Rodr´ıguez-
Puebla et al. 2015). The shape of this SHMR is inher-
ited to the predicted inner mass distribution, hence to
the M? −Mdyn relation at Re. Therefore, our observed
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Figure 9. The Mdyn −M? relation at Re. Top panel: grey symbols represents the relation for the full MaNGA sample, and
orange ones for galaxies from the CALIFA survey by Aquino-Ort´ız et al. (2018). Middle panel: The relation for LTGs. Bottom
panel: The distribution for ETGs. In all panels green and magenta dashed lines represents the predictions for ETGs and LTGs
from semi-empirical models by Rodriguez-Puebla et al. (in prep). Black dashed and dotted lines are the best-fit and the 1σ
bands for the observed distribution. Grey dashed line is the one-to-one comparison.
distribution, which agree with the predicted one, could
be an important tool to attain a connection between
the inner galaxy dynamics of the local galaxy popula-
tion and the properties of the cosmological dark matter
haloes.
6. DISCUSSION.
We confirm that all galaxies from the MaNGA sample
regardless of the early/late morphological type lie into
the same M?−S0.5 relationship. The scatter of 0.1 dex is
in agreement with previous studies using different sur-
veys, such as SAMI (Cortese et al. 2014; Barat et al.
2019) and CALIFA (Aquino-Ort´ız et al. 2018; Gilhuly
et al. 2019). The remarkable reduction of the scat-
ter points towards a more complex internal kinematics
in galaxies. LTGs, though are rotation-dominated sys-
tems, frequently show no-circular(random) motions (e.g.
Zhu et al. 2018c; Cortese et al. 2014; Aquino-Ort´ız et al.
2018). On the other hand, ETGs, velocity dispersion-
dominated systems, sometimes present a fraction of ro-
tation (e.g. Emsellem et al. 2007; Cappellari et al. 2011;
Graham et al. 2018; Falco´n-Barroso et al. 2019). The
combination of VRe and σ?e in a single parameter S0.5,
provides a better proxy for the circular velocity (i.e., the
gravitational potential or dynamical mass) of a galaxy
(e.g. Aquino-Ort´ız et al. 2018).
All galaxy types within the analyzed CALIFA sub-
sample of 300 galaxies with independent estimations of
the dynamical mass-to-light ratio, ΥSche , and for the
MaNGA data set using the calibrated Υfite , fall on the
so-called as Universal Fundamental Plane. The low scat-
ter observed in the full CALIFA sub-sample (∼ 0.04 dex)
and MaNGA sample (∼ 0.05 dex) about the mean re-
lation is comparable or even lower to the ones observed
in the TF relation for spiral galaxies (e.g. Avila-Reese
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et al. 2008; Aquino-Ort´ız et al. 2018, ∼ 0.05 dex), and
the Fundamental Plane for early type galaxies (e.g. Cap-
pellari et al. 2013, ∼ 0.09 dex). Furthermore, the scat-
ter for ETGs (0.037 dex) and LTGs (0.058 dex) in the
UFP for the MaNGA sample are lower than the ones re-
ported by Li et al. (2018) in the Mass Plane (0.047 dex
and 0.061 dex for early and late galaxy types, respec-
tively). This reduced scatter is because our approach
is more general including more information of galaxies,
such as the surface brightness, Ie, and dynamical mass-
to-light ratio, Υe. Zaritsky et al. (2008) claims that the
approach used to explore the UFP could fail for gas rich
galaxies. In other words, for systems where the majority
of the baryons are in the gas instead of the stars, then
the ratio between the dynamical mass and the optical lu-
minosity from stars Υe = Mdyne/Le, become larger. In
our analysis the scatter for LTGs is slightly bigger than
the one for ETGs in all the relations explored along this
paper (see Figures 3, 5, 6, 7 and 9). This is because mea-
sure the kinematic parameters, effective radius, and dy-
namical masses on galaxies with emission lines, younger
and more metal poor as the LTGs are, is less accurate
due to the limited spectral resolution.
Zaritsky et al. (2008) suggest that the origin of this
small scatter could be; (i) by internal factors, such as
stellar orbital structure, nuclear activity, (ii) by mass
loss history, and (iii) by external factors, such as en-
vironment or accretion history. However, we find that
the nuclear activity does not contribute to the scatter.
The sample of AGN’s follows the one-to-one relation-
ship, none of them is outlier. The nature of the 3-to-
5% of outlier galaxies found in Figures 6 and 7 devi-
ating from the main trend could provide key informa-
tion about the nature of the scatter. Those galaxies will
be explored in a forthcoming article using state-of-the-
art dynamical orbital modellings, following Zhu et al.
(2018b) and Jin et al. (2020).
7. SUMMARY AND CONCLUSIONS
Using 2458 galaxies observed with integral field spec-
troscopy from the MaNGA survey, we re-examine the
M? − S0.5 scaling relation. We also study a Univer-
sal Fundamental Plane for early and late galaxy types
calibrated with a sub-sample of 300 galaxies from the
CALIFA survey adopting a totally empirical approach.
We summarize the main results of this study as follows:
(i) We confirm that early and late galaxy types to-
gether follow the M? − S0.5 relationship with a remark-
able reduction of scatter compared to the individual
M? − VRe and M? − σ?e relations. The scatter on both
later relations is dominated by early- and late-types,
respectively, in agreement with previous studies using
data from the SAMI (e.g. Cortese et al. 2014; Barat
et al. 2019) and CALIFA (e.g. Aquino-Ort´ız et al. 2018;
Gilhuly et al. 2019) surveys.
(ii) We calibrate the Universal Fundamental Plane
with a sub-sample of 300 galaxies from the CALIFA
survey with independent estimations of the dynamical
mass-to-light ratios at Re, Υ
Sch
e , surface brightness, Ie,
and total velocity parameter, S0.5. We find that all
classes of galaxies, from spheroids to disks, follow this
Universal Fundamental Plane with a scatter significantly
smaller than the one reported for the M?−S0.5 relation.
The scatter about that surface (∼ 0.04 dex) is compara-
ble (or smaller) than the ones observed in Tully-Fisher,
∼ 0.05 dex (Fundamental Plane, ∼ 0.09 dex) studies
but for a wider range of galaxy types.
(iii) We propose a simple but competitive procedure
to estimate the dynamical mass-to-light ratio, Υe, in
galaxies (hence the dynamical mass) at Re, easier to
apply to massive surveys than more detailed analysis,
although with lower precision.
(iv) We use the estimated dynamical mass-to-light ra-
tio, Υfite , from our analysis to explore the Universal
Fundamental Plane with the MaNGA data set. The
results are consistent with the ones from the CALIFA
sub-sample with a slightly larger scatter (∼ 0.05 dex) in
good agreement with the one of ∼ 0.05 dex suggested
by Zaritsky et al. (2008)
(v) We show that AGN hosts follow the same one-to-
one relationship within 1σ as the general population of
galaxies. Furthermore, none of them is an outlier. This
result could suggest that the role of the nuclear activ-
ity, is unimportant in determining the inner structure of
galaxies.
(vi) We find ∼ 3% of outliers in the Universal Funda-
mental Plane for both the CALIFA and MaNGA sub-
samples. They could provide key information about the
scatter. We will explore the nature of those outliers in
an upcoming dynamical study.
(vii) Finally, we find a remarkable agreement between
the observed Mdyne−M?e distribution and the predicted
with semi-empirical modelling approach. This relation
could be a projection of the SHMR at the inner part
of galaxies, therefore a connection between the inner
galaxy dynamics of the local population of galaxies and
the properties of the ΛCDM haloes.
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APPENDIX
A. FUNDAMENTAL MANIFOLD
Initially, Zaritsky et al. (2008, 2011) proposed the Fundamental Manifold as a result of a fitting function for log Υe.
Because they didn’t have independent estimations for the Υe for its sample of 1925 galaxies, that fitting function
depends only on two variables that are distance independent: the total velocity parameter S0.5, and the i-band surface
brightness Ie, including a second order and cross-terms as follows:
log(Υfite ) = α1log(S0.5) + α2log(Ie) + α3log
2(S0.5) + α4log
2(Ie) + α5log(S0.5)log(Ie) + α6, (A1)
where the αi are the coefficients of the adopted functional form. They replaced logΥe − C with logΥfite in Eq. 8
and plot a re-arrangement of the terms. They found that all classes of galaxies lie on the Fundamental Manifold with
a scatter of 0.1 dex.
We re-calibrate the αi coefficients in Eq. A1 using the independent estimations of Υ
Sch
e , S0.5 and Ie (defined in
Section 4.3) for the 300 galaxies from the CALIFA survey. For this calibration we apply a full quadratic 3D fit to the
dataset. The best fit, with a reduced χ2 = 0.84, yields the following values: α1 = −0.60±0.17, α2 = 2.12±1.53, α3 =
−1.36± 0.14, α4 = −0.40± 0.1, α5 = 0.13± 0.04 and α6 = 0.20± 0.1. Once the αi coefficients have been calibrated,
we apply them to explore the FM for the MaNGA sample (see Figure 10). We find that all galaxy types follow the
same FM with a scatter of ∼ 0.1 dex, in great agreement with Zaritsky et al. (2008, 2011). Moreover, we confirm that
there is a gradient in the scatter as function of the gas fraction. Thus, galaxies with low gas-fraction are located on
the inner part of the FM distribution(within the 1σ), while the systems with higher gas fractions are dominating the
scatter.
B. SCALING RELATIONS FOR THE COMPLETE MPL-7
The increasing amount of observational data at intermediate and high redshifts have allowed to study the evolution
of the TF relation, as well as of the M?−S0.5 relation (e.g., Kassin et al. 2007). There is as of yet no convergence on the
results. Some authors reported no significant evolutions (e.g., Miller et al. 2011) even for the M? − S0.5 relation (e.g.,
Kassin et al. 2007). Other ones reveals an evolution of the TF relation zero-points (e.g., U¨bler et al. 2017). However,
including all types of galaxies (merger, interacting, perturbed, face-on, edge-on, even with low signal-to-noise) i.e.,
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Figure 10. The Fundamental Manifold for the MaNGA sample. Left: the full sample with the dashed black line as the
one-to-one relationship and the solid line the best-fit of the data. Top right) Early type galaxies. Bottom right) Late type
galaxies. Red dashed and dotted lines marks the 1σ and 2σ bands, respectively, while green symbols as the outliers.
without performing a cleaning of the sample, can be reflected in a variation in the slope and zero-points of scaling
relations. In this Appendix we explore how the best-fitted parameters on the M? − S0.5 relation and the Universal
Fundamental Plane could be affected by making or not a detailed selection of the galaxies and spaxels within galaxies.
For this analysis we have three samples:
• The sample A: the full MaNGA Product Launch-7 (MPL-7) which comprise 4817 galaxies without any cleaning,
i.e., it includes mergers, interacting, all environments, face and egde-on, as well as low signal-to-noise galaxies.
• The sample B: in this sample we apply the analysis presented in Section 3.2 to exclude face-on, edge-on galaxies
with inclinations 25◦ < i > 75◦ as well as the galaxies where the percentage of good spaxels within Re is below
to 60%, but it includes mergers and interacting galaxies. This sample comprise 2904 galaxies.
• The sample C: this sample is the one used along the main body of this study. Comprises the 2458 galaxies from
the MPL-7 with a rigorous cleaning excluding the same that the sample B but also mergers and interacting
galaxies.
In Figures 11 and 12 we show the M? − S0.5 relation and the Universal Fundamental Plane for the three samples
mentioned above. We find slightly variations in the slope, while the variation in the zero-points are more important
among the samples. The outliers increases when the sample is poorly depured without. In the M?−S0.5 there are not
variations in the scatter (∼ 0.1 dex), while for the Universal Fundamental Plane the scatter increases from 0.053 dex
in the sample C, to 0.067 dex in the sample A. This result could be important for high redshift studies.
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Figure 11. The M? − S0.5 relation. Left panel: Sample A. Middle: Sample B. Right: Sample C. In all panels the red dashed
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